Purpose To evaluate whether a difference in central corneal thickness (CCT) between the paired eyes could be associated to worse glaucoma in the thinner cornea eye. Methods From 16 different glaucoma centres, at least 50 glaucomatous patients were saved on the Italian Glaucoma Register. Eight hundred and sixteen glaucomatous patients were found in the register. CCT, ophthalmoscopic cup/disc ratio, mean deviation (MD), pattern SD (PSD), and intraocular pressure (IOP). The difference (D) between the paired eyes was calculated for all the considered parameters and two subgroups were created on the basis of DCCT. Because the difference between the two eyes could be positive or negative, the absolute value of D was considered for all the measurements. Three different DCCT cutoffs were selected: 10, 15, and 20 mm. Student's t-test was used to compare the subgroups. Results When the entire group was divided in two subgroups using 20 mm as DCCT cutoff, no significant difference was found for DIOP ( À 0.38 ± 2.53 (mean ± SD) mm Hg and À 0.07 ± 2.35 mm Hg, respectively) between the two subgroups. Significant (Po0.001) difference was found for DMD (6.58 ± 7.30 and 3.14 ± 4.22 dB, respectively), DPSD (3.92 ± 4.01 and 2.16±2.57, respectively), and DC/D (0.11±0.14 and 0.08±0.11, respectively) between the two subgroups. No significant correlation was found between DCCT and the other parameters. Conclusion The DCCT between the two eyes could be associated to a worse glaucoma in the thinner cornea eye. Keywords: glaucoma; central corneal thickness; visual field damage; difference between eyes
Introduction
As glaucoma is a chronic asymmetric progressive degenerative disease of the optic nerve head, most patients with glaucoma can have a different stage of the disease between the two eyes.
Although central corneal thickness (CCT) measurements are usually highly symmetric between paired eyes, approximately 6-7% of individuals do manifest significant interocular CCT asymmetry. [1] [2] [3] CCT has been identified as a substantial glaucoma risk factor, [4] [5] [6] [7] [8] and glaucomatous damage often presents in an asymmetric fashion. 9, 10 The percentage of normal-tension and hightension glaucoma patients with unilateral VF loss has been estimated to be approximately 25-35%. 9 Asymmetric CCT was already associated with asymmetric primary open-angle glaucoma (POAG) in a retrospective study. 11 In a later study by the same group, however, asymmetric POAG was associated with asymmetric dynamic contour tonometry but not Goldmann applanation tonometry or CCT. 12 The aim of the study was to evaluate whether a difference in CCT between paired eyes could be associated to worse glaucoma in the thinner cornea eye.
Patients and methods
This is a retrospective, cross-sectional study. Institutional review boards and ethics committees at the institutions gave their approval of this study. This study followed the principles of the Declaration of Helsinki.
From 16 different glaucoma centres, at least 50 glaucomatous patients for each centre were saved on the Italian Glaucoma Register (IGR). Glaucomatous eyes were diagnosed based upon having a reproducible and characteristic VF defect of three non-edge points, all of which were depressed on the pattern deviation plot at a Po5%, along with an asymmetrical cupping 40.2, the presence of a notch on the rim and/or an increased cupping 40.6 when measured as cup/disc ratio (CDR) and an open angle at gonioscopy.
All subjects underwent at least two Swedish interactive thresholding algorithm (SITA) standard 24-2 perimetry. Reliable tests had o30% fixation losses, false-negative and false-positive responses. Patients included in this study had a best-corrected visual acuity of 20/60 or better and a refractive error of þ 6.00 to À 6.00 dioptres. Subjects were excluded for a history of diabetes or posterior pole pathology other than glaucoma. In addition, subjects were excluded for use of systemic steroids, any other systemic medication known to affect the retina, any neurological condition known to affect the VF, and any ocular surgery.
The diagnosis of glaucoma was based on visual field examination, optic nerve head analysis, intraocular pressure (IOP) measurements, and gonioscopy. 13 CCT was measured with ultrasonic contact pachymeter. Pachymetry values were always obtained by the same observer in all the different centres. Patients were instructed to look straight ahead at a fixation target located at 3 m. After having pushed the button to initiate corneal thickness measurements, the probe tip was gently positioned to touch the patient's cornea at its centre. The pachymeter probe had to be perpendicular to the apex of the cornea. If the measurement was valid, a value appeared on the digital display. The mean value of three consecutive measurements was used for the statistical analysis.
CCT, ophthalmoscopic CDR, mean deviation (MD), pattern standard deviation (PSD), and IOP were considered in this study. Besides the difference (D) between the paired eyes was calculated for all the considered parameters. Because the difference was always calculated as 'Right-Left', an absolute value was introduced to avoid negative values and to better analyse the difference in the group. Then two subgroups were created on the basis of the absolute DCCT and three different cutoffs were arbitrarily chosen to perform the analysis: 10, 15, and 20 mm.
The data were analysed by descriptive analysis and when the distribution of the data was normal, t-test and Pearson's r coefficient were used and when the distribution of the data was non-normal, Mann-Whitney test and Spearman's coefficient were used.
Results
Eight hundred and sixteen patients were included in the IGR. Twenty-two patients were excluded because the CCT measurement was present for only one eye: five patients had only right measurements and ten only left measurements, and seven patients did not have the VF data for both eyes. All the patients were Caucasian. The descriptive analysis of the 794 included patients has been described in Table 1 . No significant difference was found between paired eyes for IOP, CDR, MD, PSD, and CCT ( Table 2 ). The distribution curves for CCT of both eyes and distribution of the CCT asymmetry between paired eyes have been shown in Figures 1a-c.
Then the entire group was divided into two subgroups based on the magnitude of absolute DCCT between the two eyes. When the cutoff between the two subgroups was 10 mm, no significant difference was found for IOP, CDR, RPSD, LPSD, and DPSD, whereas a significant difference was found for RMD, LMD, absolute DMD, and absolute DPSD (Table 3) . When the cutoff between the two subgroups was 15 mm, a significant difference was found for absolute D of CDR, RMD, LMD, absolute DMD, RPSD, LPSD, and absolute PSDD (Table 3) .
When the cutoff between the two subgroups was 20 mm, a significant difference was found for absolute D of CDR, RMD, LMD, absolute DMD, RPSD, LPSD, and absolute DPSD (Table 3) .
Nonsignificant correlation was found between absolute DCCT and DIOP, DCDR, absolute DCDR, DMD, and DPSD. Significant but weak correlation was found for the absolute DMD, for which a weak correlation was found when all the patients were considered and in two subgroups; less and greater than 10 mm, but no significant correlation was found in the other subgroups: greater than 15 and 20 mm. Similar results were found for absolute DPSD, but weaker (Table 4) .
Discussion
Glaucoma is an asymmetric disease and in many patients visual field shows significant difference between the two eyes. Also the asymmetry between the right and left optic nerve head of the same subject is considered to be an important predictor of the disease. 14 Progressive optic disc cupping has been shown to precede visual field loss in patients with OH, 15, 16 and in unilateral glaucoma. 17 The asymmetry of the CDR between the two eyes has been shown by some but not all studies to predict the development of glaucomatous visual field loss in patients with elevated IOP. [18] [19] [20] Clinically, asymmetry in certain optic disc parameters between the two eyes might assist in differentiating patients with glaucoma from those without glaucoma. In particular, an asymmetry of CDR 40.2 between the two eyes can be suspicious of DCCT and glaucomatous damage M Iester et al glaucoma. 13 Even with the new imaging device the asymmetry is one of the parameter that the computerized systems are able to calculate and are useful to interpret the results of the printout. The importance of CCT and anterior corneal curvature is known because the flatter the cornea, the easier the applanation to the accuracy of IOP measurement by Goldmann applanation. In clinical practice, many ophthalmologists have begun to routinely measure CCT, and large variations in corneal thickness have been documented, with the expected result. The aim of this study was to evaluate whether a difference in CCT between paired eyes could be correlated to a worse glaucoma. CCT has been shown to be an independent risk factor for glaucoma, 4 and the relationship between pachymetry values and the risk of glaucoma damage is still controversial. No correlation between the thickness of the central cornea, of the peripapillary retinal nerve fibres 21 and of the lamina cribrosa 22 was found in nonglaucomatous human eyes; it is not known whether hystomorphometry of the lamina cribrosa or peripapillary nerve fibre layer thickness in glaucomatous eyes would show a relationship with corneal thickness. There is no consensus on the influence of pachymetry values on the likelihood of progression of glaucomatous damage in established glaucoma. Kim and Chen 23 and Herndon et al 6 proved the association of thinner central cornea values with VF progression in glaucoma patients. Jonas et al 7 and Chauhan et al 24 found an association between lower CCT and worse baseline VF, but the lower CCT was not associated with the progression of glaucomatous optic nerve neuropathy.
The reliability of central corneal thickness measurement has been much less controversial than that of IOP measurements. 25 Techniques to measure CCT include optical (mean CCT 530 mm) and ultrasound (mean CCT 544 mm), with the latter being easier to perform. Also corneal hysteresis might also interfere with IOP measurements; it appears as though this corneal variable describes the response of the cornea to rapid deformation. Congdon et al 26 suggested that the relationship between glaucoma and corneal features was more complex than simple anatomic thickness.
Circardian fluctuations in CCT have been found; they were small and, although statistically significant, did not seem to interfere with the circardian IOP measurements. However, no evidence that the 24-h change in IOP was due to the change in corneal biomechanical properties, was shown. 27, 28 In this study, the CCT difference between paired eyes was analysed and the results suggested that a CCT difference 410 mm between the two eyes, could be associated to a worse glaucoma in the thinner cornea eye. However, the weak correlation we found, outlining that DCCT and glaucomatous damage M Iester et al there was not a linear distribution between CCT and damage, because of the distribution of the data. In particular when the subgroups were analysed, the subgroup with a greater DCCT (420 mm) showed a more significant difference between the eyes for VF indices and optic disc parameter (Table 3) , but in this group no significant correlation between DCCT and the other parameters was found, suggesting that the difference in CCT were not correlated to the amount of the functional and structural damage. However, only the 16% of the considered patients had a DCCT 420 mm between paired eyes, whereas 84% of the patients had a DCCT o20 mm, 76% o15 mm and 58% of the patients had a DCCT o10 mm. In the latter group, a very weak but significant correlation was found between absolute DCCT and absolute DMD and PSD. However, to have a DCCT420 mm could be a risk factor for the thinner cornea eye for receiving a late diagnosis of glaucoma in that eye. Part of these data agreed with Anand et al's 29 study that showed that POAG patients with asymmetric VF damage had symmetric CCT values. Furthermore, they found that CCT measurements were highly symmetric in paired eyes in 493% of the patients.
A possible bias of this study could be the presence of many centres involved, because of some subjective measurements (CDR or CCT measurement) that could change from one centre to another.
In conclusion, from these data most of the glaucomatous patients has a symmetric CCT and there is no correlation with the structural/functional damage; however, a difference in CCT measurements 415 mm between the two eyes had to be taken in consideration clinically: the thinner eye could be associated to a worse glaucoma.
Summary
What was known before K Patients with thicker central corneal thickness has a higher measured intraocular pressure, whereas those with thinner central corneal thickness has a lower measured intraocular pressure.
What this study adds
K In this study, we found that about 18% of the glaucomatous patients have a difference in central corneal thickness 420 mm, and the eyes with thinner central cornea have a worse visual field defect.
